In a previous communication, Sheets et al. (1954) have shown that three phenol-resistant organisms, a sporeforming rod, a coccus and a short rod, belonging to the genera Bacillus, Micrococcus and Pseudomonas respectively, were isolated from a trickling filter, operated continuously at 54 C for the treatment of phenolic wastes. The Pseudomonas-like rod predominated over the other two types. A pure culture of this organism was capable of oxidizing phenol at a relatively high rate .
Microorganisms that oxidize such aromatic compounds as phenol, m-cresol, and naphthalene have .been isolated by Kramer and Doetsch (1950) , Czekalowski and Skarzynski (1948) , and Gray and Thornton (1928) . Physiological data on phenol-oxidizing bacteria have been reported by Egorova (1946) , Evans (1947) , Stanier (1948) , . Kilby (1948) postulated the breakdown of phenol as: phenol -÷ catechol --o-benzoquinone -> 1,2,5, trihydroxybenzene -> 5 hydroxy o-benzoquinone --3-ketoadipic acid -* -succinate + acetate. Sleeper and Stanier (1950) reported that catechol is an intermediate in the oxidation of phenol by cells of Pseudomonas fluorescens. Stanier et al. (1950) confirmed that g-ketoadipic acid is an intermediate in the oxidation of catechol by P. fluorescens while hydroxyhydroquinone is highly improbable.
An investigation was undertaken in this laboratory with the aim of securing more information concerning the characteristics of and the mechanism of phenol breakdown by an unidentified strain of Pseudomonas isolated from the trickling filter exposed to phenol liquor.
MATERIAL AND METHODS
The culture media, the bacteriological and chemical methods employed in this study were the same as those previously described . The organism used in this work was the pseudomonad isolated from a trickling filter by Sheets et al. (1954) . Oxygen uptake was measured using conventional manometric methods. Fernbach culture bottles were used to grow the organism in salt-solution medium2 with phenol while Florence flasks were used to grow the organism on nutrient broth with or without phenol. Aeration was accomplished by bubbling sterile air through the cultures to increase the number of cells. Centrifugation was used to separate the cells, which were.then washed with distilled water. In order to compare the results of the manomnetric experiments,, approximately equal cell concentrations, as measured turbidimetrically with a Beckman model B spectrophotometer at a wave length of 500 m,u, were prepared. All manometric data were obtained at 46.5 C, as no activity was observed within a reasonable length of time at 37 C.
EXPERIMENTAL RESULTS
Morphological and Biochemical Characteristics of
the Pseudomonad Cells 0.5 to 0.8 by 1.3 to 3.0 microns, straight, motile by polar flagellum (figure 1), gram negative. These rods frequently showed unstained areas, probably vacuolations, especially in old cultures. The organism grew well on ordinary culture media, single, or in pairs when the culture was incubated at 37 C or at room temperature, and in very long chains when the culture was incubated at 54 C (figures 2 and 3). The Sheets et al., 1954) .
Based on the characteristics listed above, the organism was identified as a member of the genus Pseudomonas and was designated Pseudomonas X54. Pseudomonas X54 shows an unusual temperature optimum for the genus Pseudomonas. It has a yellow to grayish color in agar colonies, fails to produce acid or gas from glucose and fails to reduce nitrates to nitrites. These properties are not characteristic of Pseudomonas. However, the culture was originally isolated from sewage, where the average temperature was around 22 C, then after isolation, the temperature of the trickling filter was gradually brought to 54 C in the presence of phenol. The temperature optimum of the culture may have been influenced by this treatment. In other properties, the morphology, gram stain, motility, aerobiosis, and origin from water, the culture is typical of the genus Pseudomonas.
The culture does not correspond to the species of Pseudomonas listed in Bergey's Manual of Determinative Bacteriology (Breed et al., 1948) . The binomial Pseudomonas phenolis is suggested for the culture.
The growth of Pseudomonas X54 on other compounds. Fourteen compounds including phenol were tested as sole sources of carbon. Washed cells of the organism were placed in Erlenmeyer flasks containing 200 ml of salt solution medium and 2 X 10-3 moles of the tested compound and the flasks were incubated at 48 C. Table  1 represents the results of this experiment indicating the vast potentialities of this organism to metabolize compounds other than phenol as a sole source of carbon. As indicated in table 1, some compounds formed darkcolored complexes which did.not appear until the temperature of the flasks was raised to 48 C. Evidently this may be due to the highly reactive nature of the hydroxyl group in the ortho and the para positions on the benzene ring. Kramer and Doetsch (1950) A dark compound was observed during the aerobic oxydation of tyrosine probably due to melanin (Greenberg, 1951) .
Manometric studies. Warburg manometric techniques were used at 46.5 C to secure information on the mechanism of phenol oxidation by the Pseudomonas culture. Cells grown in 250 ppm phenol in salt solution medium were tested against the following compounds using one micromole of each: m-cresol, catechol, phenol, resorcinol, benzoic acid hydroquinone and quinone. The results (figure 4) show three different types of activity against these various substrates; those having the same rate of oxygen uptake as phenol, those with a similar rate to the endogenous, and those with a lower rate of oxygen uptake than the endogenous. The slightly lower activity in resorcinol, by phenol-grown cells, may be due to inhibition. Catechol showed a more rapid rate of oxygen uptake than phenol which might be explained on the basis of the toxic effect of phenol. Fogg and Lodge (1945) reported that catechol had a phenol coefficient of 0.5. This toxic effect was more pronounced at a high concentration of phenol while 2 micromoles of phenol showed some inhibitions; 20 micromoles of phenol decreased oxygen uptake to that of the endogenous (figure 5) .
Results in a previous report have established that the presence of lactose inhibited phenol oxidation by the Pseudomonas culture, probably due to competition in adaptative enzyme production. Accordingly, it was advisable in a biological treatment of the phenolic waste, to use media free from carbon sources other than phenol to accomplish phenol oxidation more effectively. The following experiments were . A neutral pH was found to be optimum for both growth and phenol oxidation. dia at room temperature, 37 and 54 C with the latter appearing to be more favorable. It can grow on tyrosine and certain other aromatic compounds as a sole source of carbon indicating ability to grow on various ring compounds. The growth of the Pseudomonas culture on tyrosine and the appearance of a dark colored end product, probably melanin, suggests that this bacterium has the tyrosine-tyrosinase enzyme system. It should be stated that this dark end product was noticed only in the aerobic culture.
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Morphological and biochemical characteristics of this strain showed that it belongs to the genus Pseudomonas, but does not correspond to species reported in Bergey's Manual (Breed et al., 1948) probably due to the selection in the presence of phenol.
Manometric studies showed that the most probable pathway for phenol oxidation by this organism is similar to those previously reported by Kilby (1948 and , Evans (1947) , Stanier (1948) , Sleeper and Stanier (1950) , 
PHENOL-OXIDIZING PSEUDOMONAS
The cells of this organism when grown on glucose salt solution medium, with and without phenol, failed to take up oxygen at a significant rate when phenol was added as a substrate, indicating that adaptive enzymes are responsible for phenol oxidation . Cells grown on salt solution medium containing phenol showed no activity when tested on glucose; a mixture of phenol and glucose was oxidized at the same rate as phenol alone. After 35 to 40 minutes, when the phenol had presumably been oxidized, some oxygen uptake was still occurring.
The minimum theoretical amount of oxygen required to completely oxidize one micromole of phenol is 157 microliters. When Warburg experiments were observed for a long time, the phenol grown cells were able to consume almost the required amount of oxygen previously mentioned, for complete phenol oxidation, after subtracting the endogenous, indicating the fission of the benzene ring of the phenol during the oxidation process.
It should be stated that a yellow color was observed in the trickling filter during the phenol oxidation. This color intermediate compound disappeared shortly after complete oxidation of phenol. No attempts were made to identify this yellow-colored compound. Kilby (1951) has reported that slightly yellow medium was observed after inoculation and incubation of the vibrio culture in mineral salt medium containing phenol. SUMMARY A phenol-oxidizing bacterium has been isolated and identified as a strain of Pseudomonas. Morphological and biochemical characteristics have been reported. The ability of this culture to grow on and oxidize other aromatic compounds was investigated; manometric studies revealed that phenol oxidation by this strain is accomplished by adaptive enzymes. We suggest the name Pseudomonas phenolis.
